Four different algorithms were used to evaluate the numerical values of particle size of unground RHA with a view to determining the most suitable algorithm. The experimental design used was a 5x4 two-factor in complete block randomized design (CBRD). Five RHA types form the five levels of one factor while the four algorithms form the block or the second factor at four levels. The particle size distribution of each sample was generated and used for the analysis by each of the four algorithms. The four algorithms used were Henderson and Perry's technique, British Standard fitted with quadratic equation, British Standard fitted with logarithmic function and ASABE Standard. The raw particle size data, the coefficients of variation of various replications and coefficient of determinations were each subjected to ANOVA and separation of means at α = 0.05. It was found that Henderson and Perry's technique clearly gave the highest values of particle size while British Standard fitted with quadratic curve was most suitable on account of low coefficient of variation of the replicate values and high coefficient of determination of the trendlines fitted. Henderson and Perry's technique is to be used with caution in situations where the other algorithms could not easily detect treatment effects.
INTRODUCTION
Rice husk ash (RHA) is the solid product of combustion of rice husk whose quality such as fineness, specific surface area and silica content depends on the burning method. RHA is available in all the 105 rice producing countries of the world (FAOSTAT, 2007) . Table 1 shows the mean production of rice and the potential availability of rice husk and RHA for the top 20 world producers of rice averaged for a decade, 1996 to 2005. The projection figures are indicative that RHA is available in abundance and would provide enough raw materials to sustain both existing and emerging industries.
RHA can be tailor-made to meet the requirements of various users. Apart from the two main uses as an insulator in the steel industry and as a pozzolana in the cement and building industry (Anon, 2003; Bui, 2001 ; Agbede and Obam, 2008) , emerging uses include its use as an absorbent of both oil (Chou et al., 2001) and moisture (Ijabo, 2010) , in silicon chip manufacture (Kapur, 1985) , to prevent insect attack in stored food stuff, for water purification, as a soil ameliorant to help break up clay soils and improve soil structure (Anon, 2003) . Some of these uses require the knowledge of the particle size of the RHA. For example, Bui (2001) had to grind RHA to enhance strength of the mortar because the fineness of the ash strongly influences the strength of the specimen, and in the study determined particle sizes with varying grinding times. In an attempt to reduce the particle size of RHA to microscopic range some investigators resorted to pretreatment of the husk either by leaching with dilute acid (Chakraverty et al., 1988) or refluxing with concentrated acid (Jitcharoen et al., 2009) . Source: FAOSTAT, 2007 On the other hand, a common trend is to use the ash in its existing form as it is produced, which means particle size could be in the microscopic or sieve range. Sieve analysis could be a cheaper and a more common method of determining the particle size of many non-sticky particulate materials (ASABE, 2009) than other techniques like laser particle size analyzer. It is along this later opinion that this study derives its two-point objectives of determining the suitability of sieve analysis in evaluating particle size of five types of unground RHA and also to establish which algorithm is most suitable for analyzing the data generated by sieve analysis. 2. An open heap of fresh ash (husk still burning in some parts and never beaten by rain) from Aliade rice mills in Benue State, Nigeria. This was designated ALD.
3. An open heap of fresh ash from Gboko rice mills in Benue state, Nigeria and was designated GBK.
4. Ash obtained by firing dried pre-boiled husks from OLAM in a laboratory furnace set at 600 ºC for three hours according to Hanfi et al.'s (1980) method. This was designated HAN.
5.
Ash generated in accordance to Jitcharoen et al.'s (2009) recommendation for a high specific surface area ash. The method prescribes reflux boiling of the clean husk in 5M HCl for three hours then dried prior to firing in a laboratory furnace at 600 ºC for another 3 hours. This was designated JPC.
Experimental design:
A 5 x 4 two-factor experiment in complete randomized block design (CRBD) was used to test for significant difference of means of the particle size of each of the five types of ashes. Ash type at the five levels of ALD, GBK, HAN, JPC and LAM form the treatment while the algorithms for obtaining particle size value from size distribution at four levels form the block. The four levels for the algorithms were Henderson and Perry's (1976) algorithm, British Standard (2003) Table 2 was used to obtain particle size by Henderson and Perry's algorithm. For the other algorithms which include graphical methods the particle size distribution data from sieve analysis were first transformed to cumulative percent less than the sieve size indicated as in Table 3 , from which the typical format that these algorithms were used, as shown in Figures 1, 2 and 3 . Table 2 is a typical data from which Table 3 is derived. From Table 3 the cumulative mass, percent less than sieve size 75µm is zero for the three replications of GBK ash. For the other four types of RHA, the cumulative mass is also zero or less than one percent for each of the replications. That is, the percent mass of RHA that passed through sieve with opening 75µm is nearly zero for all cases. In a standard sieve analysis, sieve with 53 µm opening is regarded as the smallest sieve. The smallest available size in this study is 75 µm which is even larger than 53µm, yet less than one percent of the mass of the RHA passed through it. When the less-than-one percent situation in this study is compared with the more-than-20 % recommended by ASABE (2009) it can be said that sieve analysis is suitable for particle size determination of unground RHA.
RESULTS AND DISCUSSION

Suitability of Sieve Analysis for Determination of Particle Size of RHA:
Optimum Algorithm for Obtaining Particle Size from Sieve Analysis Data: All the four different algorithms used for analyzing sieve data to obtain particle size of the five types of rice husk ash as shown in Figure 4 all agree that RHA obtained from OLAM boiler furnace has the highest particle size. Similarly, three of the algorithms are in harmony that JPC ash has the least value. Only ASABE (2009) graphical technique indicated a different ash type than that from JPC's method, which is HAN's method, as having the least particle size of 0.2066 mm. In terms of individual algorithms, Henderson and Perry's (1976) algorithm gave the highest values in the range 0.5901 mm for JPC RHA to 3.0875 mm for RHA from OLAM furnace. This was followed by particle size range as calculated by British Standard (2003) Table 4 which gives ANOVA for two-factor with replication for particle size of 5 types of RHA by 4 different algorithms of analyzing sieve data has a calculated F-value greater than F-critical for each of the algorithms and type of RHA. Therefore, it can be said that both the algorithm and type of RHA have significant effect on particle size of ungrounded RHA at α = 0.05 level. Separation of means was done using a t-Test with two-sample assuming unequal variances at α=0.05 according to Microsoft Excel® (2007). Thus it can be seen that irrespective of the technique of analyzing the sieve data, the particle size of fresh ash fetched from Aliade rice mill is not significantly different from that from Gboko. In addition Henderson and Perry's (1976) method and British Standard fitted with quadratic equations indicated that the particle size of three ash types, i.e. fresh ash fetched from Aliade and Gboko rice mills as well as ashes generated by HAN's method are not significantly different from each other. This is graphically displayed in Figure 4 . The two criteria of over-lapping of range of values as can be seen in Figure 4 and low coefficient of variation for the replicate values of particle size as reflected in Table 5 were set as indices for determining the suitable algorithm for obtaining particle size of unground RHA from sieve data. Applying the first criterion, Henderson and Perry's (1976) algorithm, which one would expect to be more accurate and precise as it is entirely by calculation, has a higher range of values outside the range of all the other three graphical, more approximate methods. When all the three other graphical techniques are lumped together, they produce particle size in the range of 0.2066 mm to 0.3766 mm which is confirmed by t-test for separation of means to be statistically significantly lower than 0.5901 mm to 3.0875 mm from Henderson and Perry's technique involving fineness modulus. This no-over-lap of range condition obtained by Henderson and Perry's method compared with the other three is suggestive that Henderson and Perry's method predicts higher particle size of existing RHA that are not pulverized by grinding in a mill.
The criterion of coefficient of variation was applied by getting the coefficient of variation of the triplicate samples of each ash type and finding the mean for each technique regarding each ash type only as a replicate of the technique as shown in the last column of Table 5 . The ANOVA of Table 5 as shown in Table  6 gives F values greater than Fcrit indicating that at least one of the techniques is/are statistically significantly different from each other. Furthermore ttest was used to separate the means and as Although Henderson and Perry's method is simple, it has two relative disadvantages. One, it tends to overpredict particle size of RHA and two; it gave a coefficient of variation far above others and the recommended upper limit value. For these two cogent reasons, Henderson and Perry's method can only be used with caution while the other three techniques examined in this study can be applied more liberally. From the data in the last column of Table 5 , the other three algorithms are not statistically significantly different from each other at α=0.05 level. However, a deeper observation of the three algorithms could be revealing. ASABE standard graphical technique involved using a logarithmic -probability graph sheet to fit a straight line into the measured cumulative mass, percent less than sieve size indicated. To the best of the investigator's knowledge, probability scale is not available in most spreadsheets used for graphical analysis. This means that the use of ASABE standard graphical method would involve more approximate subjective steps than the others. So the ASABE standard graphical method can be dropped in favour of the British standards with either of the logarithmic or the quadratic fittings.
Next, the two fittings to observed data using the British standard were examined. First, the two fittings when examined in terms of coefficient of variation as in the last column of Table 5 the quadratic fitting has a preferably lower value of 4.95 percent compared to log fitting of 5.96 percent. Secondly, the mean correlation ratio or coefficient of determination, R 2 , value of the fitted curves before their respective d 50 values were read out against particle size axis as the geometric mean particle size of the ash as shown in Table 6 were compared. The fittings have R 2 values which are not statistically significant from each other. However, like in the case of coefficient of variation, overall mean R 2 for quadratic curves fitted is higher than that of logarithmic fitting. Therefore, using any of the two coefficients, particle size values from quadratic fittings can be regarded as superior to those of logarithmic fittings within limits of the experimental errors in this study.
CONCLUSION
Sieve analysis data is suitable for determination of particle size of unground RHA. Out of the four algorithms used for determining particle size, the British standard fitted with logarithmic function, the British standard fitted with quadratic function and ASABE graphical algorithms are not significantly different from each other while Henderson and Perry's algorithm gives higher particle size values. However, on account of low coefficient of variation and high R 2 , British standard fitted with quadratic function is preferred to others.
